Introduction
It is known that a real crystal contains several kinds of imperfections. Such a concept is recently applied to the interpretation of plastic deformation or the growth mechanism of the polymer crystals (1, 2). Examples of the imperfections which one might expect to encounter in the real polymer crystals, are as follows (3) ;
point defects as proposed by D. H.
Reneker (4), the short compressed portions of polymer molecules.
2. vacancies associated with chain ends or folding molecules.
3. disorder of side chains or chain branchings.
4. mixed eomonomer units in eopolymer crystals or configurational disorder in stereoregular polymer crystals.
5. dislocations as generally observed in crystals of metals or low molecular weight substances.
If these imperfections are included in the crystal lattices or grain boundaries, erystM lattices around such imperfections are distorted. Therefore, two types of disorders may be suggested in real crystals. One is the disorder of lattice components, chemical distortions and the other is that with displacement distortions, lattice distortions. Chemical distortions, however, will generate lattice distortions more or less. R.Hosemann and his coworkers (5) (Received September 6, 1965) based on their treatments has been developed for the x-ray studies of natural and synthetic polymers.
In this paper, the diffraction patterns from the polymer crystals with chemical disorders due to imperfections are discussed. Theoretical and experimental works on the x-ray diffraction of this sort of disorders are made mainly in the metallurgy, in terms of order parameters (6). In disordered polymer crystals, the relationship between defectsdistribution in the polymer chain and x-ray diffraction patterns may be provided analogously with the method already used.
Theoretical Calculations
A polymer crystal is considered as a set of columns of unit cells (7), columns being parallel to polymer chain axis. To the calculation of the structure factor for such a column, probabilities for the defectsdistribution in the column can be defined as in the theory of copolymerization kinetics (8) or chain statistics of stereoregular polymers (9). Pn is a probability of adding a right cell to a right cell and P21 is that of adding a right cell to a wrong cell, that is, a defect. P12 and Pe~, are also defined similarly and they are complementary of-P~I and P~, respectively. The fraction of the defects in the crystal is given by these probabilities in the following way:
The probability of the (j + n)'th unit cell being right when the j'th cell is known right, is
12]
In the present case, (Pn -Pel) is a kind of parameters of a defects-distribution and a similar quantity to a 'short range order parameter', which is used in the diffraction theory of a partially ordered lattices, for example, binary alloys. The value of (Pn -P~I) is within the range of 1 and -1 and determines the type of the defects-distribution in a crystal as mentioned later. Moreover, the number-average and the weight-average sequence length of right cells can be easily obtained with these probabilities.
On the other hand, selecting a column axis as the c,axis, a line profile (001) reflection is given by the following formula (6), if a constant is left out of account.
where m is the number of unit cells in the column, [j is the structure factor for ]'th unit cell,/1"/j + n means the average value of the products of [j* and fi+n, * re-2 a sin 0 presents the complex conjugate and b --).
1.
a, O and ~ are a fiber period, the Bragg angle and the x-ray wavelength, respectively.
Using the given probabilities, /j*/j+n can be written,
where/A is a structure factor for a right cell in a crystal and /B is that for a wrong cell, which is assumed to fluctuate about the average value, ]-B without correlations. 6on is a Kronecker's symbol. The resultant expressions, followed by substitution of ]j* ]j+~ into eq. [3], can be classified into following three cases by the value of the parameter (Pn -Pc1). a) 1 ~ (Pn -P21) > 0. In this case, defects are distributed in a block type in a crystal.
b) (/~ -P21) = 0. Ii1 this case, defects are distributed randomly in a crystal.
In this case, defects are distributed in an alternate-type in a crystal. the integral breadth of which is
fl'F The integral breadth is defined in such a formula that +1/2 fl ---; {r x) --~)min} gbJ(r qSmin} If X is nearly equal to unity, ~b(b, x) is approximated with a Cauchy distribution function. So long as the crystallite is large enough, the shape factor becomes very sharp at the reciprocal lattice point, therefore, the integral breadth of the second term is almost governed by the function, ~(b, x) namely depends explicitly on the defectsdistribution, b of eq. [4J is replaced by (b + 89 in eq, [6] . This expression implies that the reflection shown by the term of eq.
[6], appears between layer lines in the fiber pattern. Such a reflection is corresponding to that from the superlattice structure of alloys. The second term of eq.
[5] represents a diffuse scattering.
The third term shows a diffuse scattering due to a fluctuation of structure factors for defects and is the same form in all the equations [4], [5] and [6] .
When the defects-distribution in a crystal block-type, the line profile of (001) reflection is shown with the superposition of a sharp
